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The CAST (CERN Axion Solar Telescope) experin ent is searching for solar axions by their conversion into photons
inside the m agnet pipe of an LHC dipole. T he analysis of the data recorded during the rst phase of the experim ent
w ith vacuum in the m agnet pipes has resulted in the m ost restrictive experin ental lim it on the coupling constant of
axions to photons. In the second phase, CAST is operating with a bu er gas inside the m agnet pipes in order to
extent the sensitivity of the experin ent to higher axion m asses. W e w ill present the rst results on the “He data
taking as well as the system upgrades that have been operated in the last year in order to adapt the experin ent for
the ’H e data taking. Expected sensitivities on the coupling constant of axions to photons w illbe given for the recent
3He run just started in M arch 2008.

1. INTRODUCTION

The CAST (Cem Axion Solar Telescope) experim ent is using a decomm issioned LHC dipole m agnet to convert
solar axions into detectable xray photons. A xions are light pseudoscalar particles that arise In the context of the
PecceiQ uinn(l] solution to the strong CP problem and can be Dark M atter candidates[Z]. Stars could produce
axions via the Prin ako conversion of the plasn a photons. The CA ST experin ent is pointing at our closest star,
the Sun, ain ing to detect solar axions. T he detection principle is based on the coupling of an Incom Ing axion to a
virtualphoton provided by the transverse eld ofan Intense dipolem agnet, being transform ed into a real, detectable
photon that carries the energy and them om entum of the originalaxion. T he axion to photon conversion probability
is proportional to the square of the transverse eld of the m agnet and to the active length of the m agnet. U sihg
an LHC magnet (9T and 926 m long) In proves the sensitivity by a factor 100 com pared to previous experin ents.
The CAST experin ent has been taking data since 2003 providing the m ost restrictive lin its on the axion-photon
coupling 3,6l ormassesm 5 < 002 &V . At thism ass the sensitivity is degraded due to coherence loss. In order
to restore coherence, the m agnet can be lled with a bu er gas providing an e ective m ass to the photon|[4]. By
changing the pressure of thebu ergas in steps, one can scan an entire range of axion m ass values. A t the end 0o£2005
the CA ST experin ent started such a program , entering its phase IT by lling the m agnet bore w ith He gas. From
2005 to 2007, them agnet bore was Iled w ith *H e gas extending our sensitivity to m asses up to 04 &V , prelin inary
results w illbe presented here. From M arch 2008 onw ards them agnetbore hasbeen lled w ith >H e and the sensitivity
should be increased to sensivities up tom 5 < 12 eV by the end of the *He run in 2010.

2. THE CAST EXPERIMENTAL SET UP: RECENT UPGRADES

The CAST set up has been described elsewhere [3,1d]. From 2002 to 2006 three X +ay detectors were m ounted
on the two sides of the m agnet: a conventional TPC [}] covering both m agnet bores looking for sunset axions; in
the sunrise side one of the bores was covered by a M icrom egas detector[d] and in the other bore a CCD detector
coupled to a telescopeld] Im proving the signal to background ratio by a factor 150. ITn 2006 the TPC started to show
a degraded perform ance due to aging. It was then decided to replace the sunset TPC and the existing M icrom egas
detector in the sunrise side by a new generation of M icrom egas detectors[1(] that coupled with suitable shielding
would In prove greatly their perform ance. The new detectors were comm issioning end of 2007 and by m id 2008
they have already shown an in provem ent In perform ance that has been translhted in a background reduction of a
factor 15 com pared to the TPC perform ances and a factor 3 com pared to the standard M icrom egas detector used
w ithout shielding till 2006. In 2005, the experin ent went through a m a pr upgrade to allow operation with He
bu er gas in the cod bore. This upgrade was done in two steps: st the system was designed for operation using
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Figure 1: Exclusion plt in the axion-photon coupling versus axion m ass plane. The I it achieved by the CA ST experim ent
(com bined result of the CAST phase I and ‘He part of phase II) is com pared with constraints obtained from the Tokyo
helioscope and HB stars. The red dashed line show s our prospects for the ’He run started in M arch 2008. T he vertical line
(HDM ) is the hot dark m atter Im it for hadronic axionsm 5 < 1:0 €V Inferred from observations of the cosn ological large-scale
structure. T he yellow band represents typical theoreticalm odels w ith £ =N 1:95jin the range 0.07{7 where the green solid
Iine corresponds to the case when E=N = 0 is assum ed.

“He and in 2007 the system was upgraded for operation at higher bu er gas densities using *He. The system has
been designed to control the infction of He in the m agnet bores w ith precision and to m onitor accurately the gas
pressure and tem perature,]. Special care has been taken to achieve high precision In the reproducibility of
steps (< 0:01 mbar) and to protect the system for *He loss. The *He system has been operating succesfilly since
decem ber 2007.

3. RESULTS

A s during phase I, the tracking data (m agnet pointing the sun) represented about 2 1.5 hours per day while
the rest of the day was used to m easure background. T he procedure was to daily increase the *He density so that
sunrise and sunset detectorsm easure every pressure. Every speci c pressure of the gas allow s to test a gpeci ¢ axion
m ass having a new discovery potential. The *H e data recorded end of 2005 and 2006 represents around 300 hours of
tracking data and 10 tim esm ore hours of background data for each detector, covering 160 pressure settings allow ing
to scan a new axion m ass range between 0.02 and 0.39 &V .

An independent analysis was perform ed for each data set of the three di erent detectors. A com bined prelin inary
result was derived where from the absence of a signal above background CA ST exclides a new range In the g; {
m , plane shown in  gure[dl from axion m assesof 0.02€V (Phase I) up tom asses of 0.39 €V . T his param eter space was
not previously explored In laboratory experin ents. CA ST has therefore entered the QCD axion band for the rst
tin e in this range of axion m asses, excluding an im portant portion of the axion param eter space. F igure[d show s the
exclusion plot for a w ider range of m asses including 1im its obtained by other type of searches (laser, m icrow ave and
crystals). The nalresultsw ill be published soon in E].
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Figure 2: Exclusion plot in the axion-photon coupling versus the axion m ass plane for a w ider range of param eters. Lin its
from laser, m icrowave and crystal axion searches have been inclided.

4. CONCLUSIONS

The CAST experin ent has established the m ost stringent experin ental 1im it on axion coupling constant over a
w ide range of m asses, exceeding astrophysical constraints. The *He phase has allowed to enter in an unexplored
region favoured by the theory axion m odels. From the absence of excess X rays when the m agnet was pointing to
the Sun, we set a prelin inary upper lin it on the axion-photon coupling of g, < 222 10 ° Gev b at9ss CcL
orm, < 04 &V, the exact result depending on the pressure setting. At present, w ith the *He run we are exploring
deeper this region to reach sensitivities ofm 5 <1.2&V.
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